Papillary thyroid carcinoma and its variants can be difficult to distinguish from cellular adenomatous nodules. Prior studies have advocated various antibodies to aid in the differential diagnosis, but there is little agreement on their utility. We undertook this study to evaluate immunohistochemical markers in the diagnosis and differential diagnosis of papillary thyroid carcinoma. Ten cases of papillary thyroid carcinoma were initially stained for HBME1, CK19, fibronectin1, Ki-67, Calretinin, p16, SFTPB and CITED1. Additionally, two previously untested antibodies to molecules that have been found to be upregulated in papillary thyroid carcinoma (CST6 and EPS8) were also evaluated. Of these, only HBME1, CK19 and fibronectin1 showed diagnostic utility. These three markers were then further evaluated in 51 papillary thyroid carcinomas and 57 benign thyroids. HBME1 was the most sensitive and specific marker, staining 49/51 papillary thyroid carcinomas and only 4/57 benign thyroids. CK19 was equally sensitive staining all 51 papillary thyroid carcinomas, but it was nonspecific staining 39 of 57 benign thyroids. A negative result, however, was helpful in excluding papillary thyroid carcinoma. Fibronectin1 was positive in 35/51 papillary thyroid carcinomas (69%) and 4/57 (7%) benign thyroids, but its utility was hampered by high background staining. These findings suggest that the combination of HBME1 and CK19 has the greatest diagnostic utility in the differentiation of papillary thyroid carcinoma from its benign mimics.
Carcinoma of the thyroid is the most common endocrine malignancy with approximately 19 500 new cases diagnosed each year in the United States. 1 Papillary thyroid carcinoma constitutes about 80% of all thyroid malignancies. 2 The follicular variant is the most common subtype. [3] [4] [5] The diagnosis of papillary thyroid carcinoma is based on architectural features combined with nuclear clearing, overlapping, grooves and pseudoinclusions. In the absence of papillary architecture, accurate differentiation of the follicular variant of papillary thyroid carcinoma from cellular adenomatous nodules may be challenging. Less commonly, papillary hyperplastic nodules may be difficult to distinguish from papillary thyroid carcinoma. Several immunostains have been proposed to aid in the diagnosis of papillary thyroid carcinoma, including CK19, [6] [7] [8] [9] HBME1, 6, [10] [11] [12] FN1 (Fibronectin1), 13, 14 
CITED1
(Cbp/p300 Interacting Transactivators with glutamic acid [E] and aspartic acid [D]-rich C-terminal domains, also known as melanocyte-specific gene 1) and SFTPB (Surfactant, pulmonary-associated Protein B). 15, 16 Although galectin-3 was initially shown to have utility in the differential diagnosis between benign and malignant thyroid lesions, 17, 18 recent studies suggest that it is not reliable. [19] [20] [21] Several other novel markers have been identified as a result of molecular analysis of papillary thyroid carcinoma, including CST6 (Cystatin E/M) and EPS8 (Epidermal growth factor receptor kinase Substrate) genes, 15 but these have not been tested immunohistochemically. We undertook this study to reevaluate established antibodies and to test the utility of novel markers that have not yet been assessed in the diagnosis of papillary thyroid carcinoma.
Materials and methods

Tissue Samples
One hundred and eight thyroidectomy specimens were selected from the files of the Department of Pathology, University Hospital, Syracuse, NY between 1999 and 2005. These consisted of 51 papillary thyroid carcinomas (including 20 classic papillary thyroid carcinomas, 10 follicular variants and 21 papillary microcarcinomas) and 57 benign thyroid lesions (including 10 normal thyroids, 10 cellular adenomatous nodules, eight Graves disease, four papillary hyperplastic nodules, six follicular adenomas and 19 cases of Hashimoto's thyroiditis). All cases had hematoxylin & eosin (H&E) stains available for review and paraffin blocks for immunohistochemical staining. The H&E slides were reviewed by all authors independently and the diagnosis were agreed upon using well-established histopathologic criteria. All authors independently reviewed the H&E-stained sections and interpreted immunohistochemical staining results. Any disagreement in the histopathologic diagnosis or differences in interpreting the immunostaining results were resolved by consensus. Ten cases of papillary thyroid carcinoma were initially stained with HBME1, CK19, FN1, Ki-67, Calretinin, p16, SFTPB, CITED1, CST6 and EPS8. Of these, the most useful and discriminatory markers were HBME1, CK19 and FN1. Only these three markers were then further evaluated in all cases (n ¼ 108).
Immunohistochemistry
Immunohistochemistry was performed on formalinfixed, paraffin-embedded (4-mm thick) sections using a standard technique (streptavidin-biotinperoxidase technique) with appropriate positive and negative controls. The following panel of antibodies was used: HBME1 (Dako, M3505, 1:50), CK19 (Neomarkers, Ks19.1, 1:50), FN1 (Dako, A0245, 1:2000), Ki-67 (Biogenex, Ki88, 1:40), CITED1 (Neomarkers, RP-9219-P, 1:50), SFTPB (Neomarkers, ES-CD3, 1:30), Calretinin (Zymed, PAD:DC8, 1:50), p16 (Neomarkers, 16P07, 1:100) CST6 (Abcam, AB11201, 1:10) and EPS8 (Abgent, AP8148a, 1:10). On appropriate negative controls, primary antibody was substituted with Tris-buffered saline. For all antibodies, immunoreactivity was considered positive if 410% of follicular epithelial cells stained. 13 The following staining patterns were considered positive: for HBME1, membrane staining along lateral and abluminal surfaces; 13 for Ki-67 and p16, nuclear expression and for CK19, FN1, CITED1, Calretinin, SFTPB, CST6 and EPS8, cytoplasmic expression.
Results
The results of immunohistochemical staining in papillary thyroid carcinoma are summarized in Table 1 . Forty-nine out of 51 (96%) papillary thyroid carcinomas were positive for HBME1 (Figures 1-3 ) whereas the adjacent normal thyroid tissue was consistently negative. Only membranous (basolateral) staining was considered positive. Although cytoplasmic or luminal membrane staining was observed in many cases, these patterns of staining without basolateral membrane staining were not considered positive. Membrane staining with HBME1 was strong, with a cleanly negative background. Table 2 shows the results of immunohistochemical staining in benign thyroid lesions. HBME1 stained only 4/57 (7%); positive staining was only observed in Hashimoto's thyroiditis (four of 19 cases). These cases showed strong membrane staining for HBME1 in small foci of non-Hü rthle epithelial cells. In three of these four cases, the HBME1-positive epithelial foci showed some nuclear features of papillary thyroid carcinoma such as clearing, occasional grooves and slight overlapping, but these changes were not sufficiently well developed to allow a clear-cut morphologic diagnosis of papillary thyroid carcinoma. In the fourth case, nuclear features of papillary thyroid carcinoma were not identified in the HBME1-positive areas.
Cytoplasmic HBME1 staining in the Hü rthle cells without membrane staining was commonly observed, but this staining pattern was considered negative. Overall, HBME1 was 96% sensitive and 93% specific for papillary thyroid carcinoma. CK19 was positive in all 51 (100%) papillary thyroid carcinomas (Figures 1-3 ). The staining pattern was predominantly cytoplasmic with frequent enhancement at the cell membrane, and reactivity was strong and diffuse in most cases. Of the 57 benign lesions, 39 (68%) were CK19 positive, including all 10 normal thyroids, 5/10 adenomatous nodules ( Figure 4 ), 2/8 Graves, 1/4 papillary hyperplastic nodules, 5/6 follicular adenomas and 16/19 Hashimoto's thyroiditis. Although one of four papillary hyperplastic nodules was positive, only 15% of cells stained. Staining intensity was weak and diffuse in most of these benign lesions and the staining pattern was predominantly cytoplasmic with frequent membrane enhancement. The sensitivity of CK19 for papillary thyroid carcinoma was 100% but the specificity was only 32%.
FN1 positivity was seen in 35/51 papillary thyroid carcinomas (69%) and 4/57 (7%) benign thyroid lesions, resulting in a sensitivity and specificity of 96 and 93%, respectively. Immunoreactivity for FN1 was mostly focal, weak and cytoplasmic. Significant background staining was present in all cases and made interpretation difficult. None of the eight Graves' disease cases, four papillary hyperplastic nodules or 10 normal thyroids expressed FN1. However, FN1 positivity was seen in a few benign lesions, including 1/10 adenomatous nodule, 2/6 follicular adenomas and 1/19 Hashimoto's thyroiditis.
Thirty-five of 51 (69%) papillary thyroid carcinomas were positive for all three stains (HBME1, CK19 and FN1). Classical papillary thyroid carcinomas had a higher rate of positivity (96% HBME1, 100% CK19, 100% FN1) than the follicular variant (90% HBME1, 100% CK19, 70% FN1). All cases of papillary microcarcinoma were positive for HBME1 and CK19, but FN1 was positive in only 38% of cases.
Cytoplasmic CITED1 expression was seen in all 26 papillary thyroid carcinomas and in 30/31 benign thyroid lesions. SFTPB staining was generally weak and focal (5/26 papillary thyroid carcinomas and 1/31 benign thyroids). Nuclear expression of Ki-67 was very rare but cytoplasmic Ki-67 expression was present in 18/26 papillary thyroid carcinomas and 4/32 nonneoplastic thyroid lesions. Calretinin was expressed in 3/10 papillary thyroid carcinomas but none of 10 benign lesions. EPS8 and p16 showed 100% (10/10) positivity in papillary thyroid carcinomas and 80% (8/10) in benign lesions. CST6 stained 80% (8/10) papillary thyroid carcinomas and 73% (11/15) benign thyroid lesions.
Discussion
Differentiating the follicular variant of papillary thyroid carcinoma from cellular adenomatous nodules and classic papillary thyroid carcinoma from papillary hyperplastic nodules can be challenging. Although immunohistochemistry is generally accepted as a useful ancillary technique in the diagnosis of papillary thyroid carcinoma, controversy exists regarding the best stain or combination of stains to distinguish papillary thyroid carcinoma from its mimics. Our study confirms the usefulness of HBME1 and suggests that the combination of HBME1 and CK19 attains a high sensitivity and specificity for the diagnosis of papillary thyroid carcinoma. Our results also demonstrate a lack of utility for CITED1 and SFTPB, which have recently been claimed to be sensitive markers for papillary thyroid carcinoma. Additionally, the two novel markers CST6 and EPS8 do not appear to be useful.
HBME1 is a monoclonal antibody directed against the microvillous surface of mesothelial cells. Although this antibody was originally developed as a mesothelioma marker, it was subsequently applied to the diagnosis of malignant thyroid conditions. 22 Our findings of high sensitivity and specificity of HBME1 in the diagnosis of papillary thyroid carcinoma confirm previous studies that have found this antibody to be diagnostically useful.
6,11,12,14 Although Miettinen's study showed HBME1 expression in all 145 papillary thyroid carcinomas, 33% of nodular goiters also showed some positivity. Of these, however, only five of 90 (6%) showed staining in more than 10% of cells, a requirement for positivity in our study. Further, Miettinen and Karkkainen 11 considered cytoplasmic and luminal staining without lateral membrane staining as positive whereas we considered such staining to be negative. Cheung et al 13 demonstrated HBME1 expression in 57/67 (85%) papillary thyroid carcinomas and only 1/102 (1%) non-neoplastic thyroid lesions stained for HBME1. The lower sensitivity of these and other studies compared to ours may be explained by their use of a lower titer of the HBME1 antibody. It should be remembered that HBME1 expression can be present in focal areas of Hashimoto's thyroiditis and the cells in these areas may show nuclear features of papillary thyroid carcinoma. HBME1 positivity per se should not be equated with a diagnosis of papillary thyroid carcinoma in this setting.
The diagnostic utility of CK19 in papillary thyroid carcinoma has been controversial. Some studies have reported negative CK19 staining in benign thyroid lesions and high frequencies of CK19 expression in papillary thyroid carcinoma. 23, 24 Others, however, have observed focal positivity in benign thyroid lesions. 10, 25 Our study also noted a distressingly high rate of CK19 positivity in benign lesions. Not only was CK19 uniformly detected in all types of papillary thyroid carcinoma but it was also identified in 68% of benign thyroid lesions. Staining intensity was weak and diffuse in most of these benign lesions. These findings indicate that CK19 cannot be used by itself to establish a diagnosis of papillary thyroid carcinoma, although strong and diffuse CK19 expression should raise the suspicion of papillary thyroid carcinoma. The chief utility of CK19 lies in its high sensitivity for papillary thyroid carcinoma (100% in our study). Negative staining for CK19, therefore, is strong evidence against papillary thyroid carcinoma. One situation where negative CK19 staining is especially helpful is in papillary thyroid hyperplasia, which can simulate papillary thyroid carcinoma morphologically. In our study, 3/4 papillary hyperplastic nodules were negative for CK19 whereas focal staining (15%) was present in one.
Fibronectin1 has been proposed as a useful marker to diagnose papillary thyroid carcinoma. 13, 14, 26 Although FN1 was fairly specific in our study, a large proportion of papillary thyroid carcinomas (31%) were negative. Even those cases that were positive showed weak and focal staining, and there was often significant background staining. The focal nature of FN1 staining may explain why small papillary thyroid carcinomas (microcarcinomas) had such a low rate of FN1 positivity in our series. In our experience, low sensitivity, focal staining and high background positivity significantly impair the utility of FN1 in a diagnostic setting.
CITED1 and SFTPB have recently been claimed to be sensitive markers for papillary thyroid carcinoma. 15 , 16 Huang et al 15 showed that CITED1 and SFTPB expression was detected in 49/52 (94%) and 16 demonstrated that CITED1 is preferentially expressed in papillary thyroid carcinoma and suggested that it could be of diagnostic value. In contrast to these studies, our findings suggest that CITED1 and SFTPB are not reliable markers for papillary thyroid carcinoma, since CITED1 lacks specificity and SFTPB lacks sensitivity. The differences in CITED1 positivity between our study and other series may be explained by our use of a commercially available antibody as opposed to Prasad et al 13 and Huang et al, 15 who used an in-house antibody. In the case of SFTPB, however, our rate of positivity was lower despite our use of the same clone and a higher titer. The reason for our lower rate of positivity is therefore unclear.
Other new markers have also been suggested in the differential evaluation of benign vs malignant thyroid lesions. Recently, CST6 and EPS8 genes were reported to be upregulated in papillary thyroid carcinoma relative to normal thyroid. 15 We selected these two genes because of the availability of commercial antibodies suitable for use in paraffinembedded tissues. In our hands, CST6 and EPS8 were expressed in both papillary thyroid carcinoma and in benign lesions. Therefore, they were not helpful to discriminate between papillary thyroid carcinoma and benign thyroids.
In conclusion, although no single immunohistochemical marker by itself is completely sensitive and specific for papillary thyroid carcinoma, the combination of HBME1 and CK19 attains high sensitivity and specificity. It is important to remember that HBME1 must stain the basolateral membrane in order to be considered positive. When this criterion is strictly applied, positive HBME1 staining is highly specific for papillary thyroid carcinoma. Although CK19 staining is common to both benign thyroids and papillary thyroid carcinoma, a negative stain is good evidence against papillary thyroid carcinoma. 
